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Abstrat. The strangeness ontent of nuleon form fators is analyzed in a two-omponent model
with a quark-like intrinsi struture surrounded by a meson loud. A omparison with the available
experimental data from the SAMPLE, PVA4, HAPPEX and G0 ollaborations shows a good overall
agreement.
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Resumen. Se analiza el ontenido de extrañeza de los fatores de forma del nuleón en un modelo
de dos omponentes que onsiste en una estrutura intrínsea de tres uarks onstituyentes rodeada
de una nube mesónia. Una omparaión on los datos experimentales disponibles de las olabo-
raiones SAMPLE, PVA4, HAPPEX y G0 muestra un buen ajuste para los fatores de forma on
extrañeza.
Desriptores: Fatores de forma extraños, dominania de mesones vetoriales
PACS numbers: 13.40.Gp, 12.40.Vv, 14.20.Dh, 24.85.+p, 13.40.Em
I. INTRODUCTION
The ontribution of the dierent quark avors to the eletromagneti struture of the nuleon an be studied
by ombining the nuleon's response to the eletromagneti and weak neutral vetor urrents [1℄. Espeially, the
ontribution of strange quarks to the nuleon struture is of interest beause it is exlusively part of the quark-
antiquark sea.
In reent experiments, parity-violating elasti eletron-proton sattering has been used to probe the ontribution
of strange quarks to the struture of the nuleon [2℄. The strange quark ontent of the form fators an be deter-
mined assuming harge symmetry and ombining parity-violating asymmetries with measurements of the eletri and
magneti form fators of the proton and neutron. The various experiments are sensitive to dierent ombinations of
the strange quark ontributions to the harge distribution and the magnetization represented by the strange eletri
and magneti form fators. There are various methods to disentangle the eletri and magneti ontributions: by
measuring parity-violating asymmetries at both forward and bakward angles [3℄, by using dierent targets [4℄, or by
ombining parity-violating asymmetries with (anti)neutrino-proton sattering data [5℄.
The rst experimental results from the SAMPLE [2, 3℄, PVA4 [6℄, HAPPEX [4, 7, 8℄ and G0 [9℄ ollaborations
have shown evidene for a nonvanishing strange quark ontribution to the struture of the nuleon. In partiular, the
strangeness ontent of the proton magneti moment was found to be positive [8℄, suggesting that the strange quarks
redue the proton's magneti moment. This is an unexpeted and surprising nding, sine a majority of theoretial
studies favors a negative value [10℄.
The aim of this ontribution is to analyze the available experimental data on strange form fators in a two-omponent
model of the nuleon.
II. TWO-COMPONENT MODEL OF NUCLEON FORM FACTORS
Eletromagneti and weak form fators ontain the information about the distribution of eletri harge and mag-
netization inside the nuleon. These form fators arise from matrix elements of the orresponding vetor urrent
operators
〈N |Vµ|N〉 = u¯N
[
F1(Q
2) γµ +
i
2MN
F2(Q
2)σµνq
ν
]
uN . (1)
∗
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Here F1 and F2 are the Dira and Pauli form fators whih are funtions of the squared momentum transfer Q
2 = −q2.
The eletri and magneti form fators, GE and GM , are obtained from F1 and F2 by the relations GE = F1 − τF2
and GM = F1 + F2 with τ = Q
2/4M2N .
Dierent models of the nuleon orrespond to dierent assumptions about the Dira and Pauli form fators. In
this ontribution, I onsider the two-omponent model of [11, 12℄ in whih the external photon ouples both to an
intrinsi three-quark struture desribed by the form fator g(Q2), and to a meson loud via vetor-meson (ρ, ω and
φ) dominane (VMD). In the original VMD alulation [11℄, the Dira form fator was attributed to both the intrinsi
struture and the meson loud, and the Pauli form fator entirely to the meson loud. In [12℄, it was shown that
the addition of an intrinsi part to the isovetor Pauli form fator as suggested by studies of relativisti onstituent
quark models in the light-front approah [13℄, improves the results for the neutron eleri and magneti form fators
onsiderably.
In order to inorporate the ontribution of the isoalar (ω and φ) and isovetor (ρ) vetor mesons, it is onvenient
to introdue the isosalar and isovetor urrent operators
V I=0µ =
1
6
(
u¯γµu+ d¯γµd− 2s¯γµs
)
,
V I=Iµ =
1
2
(
u¯γµu− d¯γµd
)
. (2)
The orresponding isosalar Dira and Pauli form fators depend on the ouplings to the ω and φ mesons
F I=0
1
(Q2) =
1
2
g(Q2)
[
1− βω − βφ + βω m
2
ω
m2ω +Q
2
+ βφ
m2φ
m2φ +Q
2
]
,
F I=02 (Q
2) =
1
2
g(Q2)
[
αω
m2ω
m2ω +Q
2
+ αφ
m2φ
m2φ +Q
2
]
, (3)
and the isovetor ones on the oupling to the ρ meson [12℄
F I=1
1
(Q2) =
1
2
g(Q2)
[
1− βρ + βρ
m2ρ
m2ρ +Q
2
]
,
F I=12 (Q
2) =
1
2
g(Q2)
[
µp − µn − 1− αρ
1 + γQ2
+ αρ
m2ρ
m2ρ +Q
2
]
. (4)
The proton and neutron form fators orrespond to the sum and dierene of the isosalar and isovetor ontributions.
For the intrinsi form fator a dipole form g(Q2) = (1+ γQ2)−2 is used whose asymptoti behavior is onsistent with
p-QCD [14℄ and whih oinides with the form used in an algebrai treatment of the intrinsi three-quark struture
[15℄.
The large width of the ρ meson plays an important role for the small Q2 behavior of the form fators and is taken
is taken into aount in the same way as in [11, 12℄ by the replaement [16℄
m2ρ
m2ρ +Q
2
→ m
2
ρ + 8Γρmpi/π
m2ρ +Q
2 + (4m2pi +Q
2)α(Q2)Γρ/mpi
, (5)
with
α
(
Q2
)
=
2
π
[
4m2pi +Q
2
Q2
]1/2
ln
(√
4m2pi +Q
2 +
√
Q2
2mpi
)
. (6)
The meson dynamis is important for small values of Q2, whereas for large values the form fators satisfy the
asymptoti behavior of p-QCD, F1 ∼ 1/Q4 and F2 ∼ 1/Q6 [14℄.
Sine the intrinsi part is assoiated with the valene quarks of the nuleon, the strange quark ontent of the nuleon
form fators arises from the meson wave funtions
|ω〉 = cos ǫ |ω0〉 − sin ǫ |φ0〉 ,
|φ〉 = sin ǫ |ω0〉+ cos ǫ |φ0〉 , (7)
2
where |ω0〉 =
(
uu¯+ dd¯
)
/
√
2 and |φ0〉 = ss¯ are the ideally mixed states. Under the assumption that the strange form
fators have the same form as the isosalar ones, the Dira and Pauli form fators that orrespond to the strange
urrent
V sµ = s¯γµs , (8)
are expressed as the produt of an intrinsi part g(Q2) and a ontribution from the meson loud as
F s1 (Q
2) =
1
2
g(Q2)
[
βsω
m2ω
m2ω +Q
2
+ βsφ
m2φ
m2φ +Q
2
]
,
F s2 (Q
2) =
1
2
g(Q2)
[
αsω
m2ω
m2ω +Q
2
+ αsφ
m2φ
m2φ +Q
2
]
. (9)
The β's and α's in Eqs. (4) and (9) are not independent of one another. The oeients appearing in the isosalar
and strange form fators depend on the same nuleon-meson and urrent-meson ouplings [17℄. In addition, they are
onstrained by the eletri harges and magneti moments of the nuleon whih leads to two independent isosalar
ouplings
αω = µp + µn − 1− αφ ,
βω = −βφ tan(θ0 + ǫ)/ tan ǫ . (10)
The strange ouplings are then given by
βsω/βω = α
s
ω/αω = −
√
6 sin ǫ/ sin(θ0 + ǫ) ,
βsφ/βφ = α
s
φ/αφ = −
√
6 cos ǫ/ cos(θ0 + ǫ) . (11)
where tan θ0 = 1/
√
2. The mixing angle ǫ an be determined from the deay properties of the ω and φ mesons. Here
I take the value ǫ = 0.053 rad obtained in [18℄.
III. RESULTS
In order to alulate the nuleon form fators in the two-omponent model the ve oeients, γ from the intrinsi
form fator, βφ and αφ from the isosalar ouplings, and βρ and αρ from the isovetor ouplings, are determined in a
least-square t to the eletri and magneti form fators of the proton and the neutron using the same data set as in
[12℄. The eletromagneti form fator of the proton and neutron are found to be in good agreement with experimental
data [19℄. Aording to Eq. (11), the strange ouplings an be determined from the tted values of the isosalar
ouplings to be βsφ = −βsω = 0.202, αsφ = 0.648 and αsω = −0.018 [19℄.
Figs. 1 and 2 show the strange eletri and magneti form fators as a funtion of Q2. The theoretial values of
GsE = F
s
1
− τF s
2
are small and negative. The Dira form fator F s
1
is small due to aneling ontributions of the
ω and φ ouplings whih arose as a onsequene of the fat that the strange (anti)quarks do not ontribute to the
eletri harge GsE(0) = F
s
1
(0) = βsω + β
s
φ = 0. Moreover, for this range of momentum transfer the ontribution from
the Pauli form fator F s
2
is suppressed by the fator τ = Q2/4M2N . The theoretial values are in good agreement
with the reent experimental result of the HAPPEX Collaboration in whih GsE was determined for the rst time
in parity-violating eletron sattering from
4
He [4℄. The experimental value GsE = −0.038 ± 0.042 ± 0.010 (irle)
measured at Q2 = 0.091 (GeV/)2 is onsistent with zero.
The strange magneti form fator GsM = F
s
1
+ F s
2
is positive, sine it is dominated by the ontribution from the
Pauli form fator. The SAMPLE experiment measured the parity-violating asymmetry at bakward angles, whih
allowed to determine the strange magneti form fator at Q2 = 0.1 (GeV/)2 as GsM = 0.37± 0.20± 0.26± 0.07. The
other experimental values of GsE and G
s
M in Figs. 1 and 2 were obtained [5, 20℄ by ombining the (anti)neutrino data
from E734 [21℄ with the parity-violating asymmetries from HAPPEX [7℄ and G0 [9℄. The theoretial values are in
good overall agreement with the experimental ones for the entire range 0 < Q2 < 1.0 (GeV/)2.
The strange magneti moment is alulated to be positive
µs = G
s
M (0) =
1
2
(αsω + α
s
φ) = 0.315µN , (12)
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FIG. 1: Comparison between theoretial and experimental values of the strange eletri form fator. The experimental values
are taken from [4℄ (irle) and [20℄ (triangle).
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FIG. 2: Comparison between theoretial and experimental values of the strange magneti form fator. The experimental values
are taken from [3℄ (irle) and [20℄ (triangle).
in units of the nulear magneton, µN = e~/2MNc. This value is in agreement with reent experimental evidene
from the SAMPLE ollaboration [3℄ and an analysis of the world data GsM = 0.55± 0.28 at Q2 = 0.1 (GeV/)2 [8℄.
By onvention, the denition of the strange magneti moment µs does not involve the eletri harge of the strange
quark.
Theoretial alulations of the strange magneti moment show a large variation, although most QCD-inspired
models seem to favor a negative value in the range −0.6 . µs . 0.0 µN [10℄. There are relatively few alulations
that give a sizeable positive strange magneti moment, ranging from 0.074 − 0.115 µN in the SU(3) hiral quark
soliton model [22℄, 0.16± 0.03 µN in a group theoretial approah with avor SU(3) breaking [23℄ to 0.37 µN in the
SU(3) hiral bag model [24℄. Reent quenhed lattie-QCD alulations give a small value, e.g. 0.05± 0.06 [25℄ and
−0.046± 0.019 [26℄.
The strange form fators determined in the PVA4 [6℄, HAPPEX [7, 8℄ and G0 [9℄ experiments orrespond to a linear
ombination of eletri and magneti form fators. Fig. 3 shows the results for the strange form fator ombination
4
GsE + ηG
s
M measured reently by the G0 Collaboration at forward angles [9℄. A omparison of the alulated values
in the two-omponent model with the PVA4 and HAPPEX data shows a similar good agreement as for the G0 data
shown in Fig. 3 [19℄.
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FIG. 3: Comparison between theoretial and experimental values of strange form fators GsE + ηG
s
M . The experimental values
were measured by the G0 Collaboration [9℄.
IV. SUMMARY AND CONCLUSIONS
In summary, in this ontribution it was shown that the reent experimental data on the strange nuleon form fator
an be explained very well in a two-omponent model of the nuleon onsisting of an intrinsi three-quark struture
with a spatial extent of ∼ 0.49 fm surrounded by a meson loud. The present approah is a ombination of the
two-omponent model of [12℄ with the treatment of the strange quark ontent of the vetor mesons aording to [17℄.
The parameters in the model are ompletely determined by the eletri and magneti form fators of the proton and
neutron. It is noted, that the strange ouplings do not involve any new parameters. On the ontrary, the ondition
that the strange quarks do not ontribute to the eletri harge of the nuleon, leads to an extra onstraint relating
βω and βφ, thus reduing the number of independent oeients of the two-omponent model of [12℄ by one.
The good overall agreement between the theoretial and experimental values for the eletromagneti form fators of
the proton and neutron and their strange quark ontent shows that the two-omponet model provides a simultaneous
and onsistent desription of the eletromagneti and weak vetor form fators of the nuleon.
The rst results from the SAMPLE, PVA4, HAPPEX and G0 ollaborations have shown evidene for a nonvanishing
strange quark ontribution to the harge and magnetization distributions of the nuleon. Future experiments on
parity-violating eletron sattering at bakward angles (PVA4 and G0 [27℄) and neutrino sattering (FINeSSE [28℄)
will make it possible to disentangle the ontributions of the dierent quark avors to the eletri, magneti and axial
form fators, and thus to provide new insight into the omplex internal struture of the nuleon.
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